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 The aim of this study was to establish a classification system for use in immediate implant 
placement by examining fresh extraction sockets in maxillary premolars and evaluation of the 
varying morphologies using CBCT imaging. Selection criteria included dentulous patients ages 15-
85 that had CBCT imaging taken for varying treatment. A total of 400 maxillary premolars were 
classified by their root morphology as Type I (two-rooted premolar with interradicular bone), II 
(fused roots with mesiodistal alveolar constriction) or III (single blunted root with no interradicular 
bone). The internal root angle was measured for all Type 1 maxillary first premolars (n=40), as well 
as the interradicular septal bone height. A Type 1 premolar socket is present in 32% of the sampled 
maxillary first and second premolars. Type 2 socket was present in 22% of premolars, and type 3 
socket was present in 46% of premolars. The average internal angle formed between the long axis of 
the crown versus the long axis of the palatal root was 11.46 ± 4.35° (range 4° to 20.7°). The average 
interradicular septal bone height was of 6.9 ± 1.6 mm (range 3.28 to 9.61). Type I root form had the 




having a higher probability for primary stability. The type III root form is most common in the 
maxillary second premolar site and has the least amount of alveolar support for immediate implant 
placement. The angulation and alveolar bone support provided by the palatal root in Type I root form 
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 Immediate implant placement in the maxillary premolar sockets with ideal prosthetic 
position presents unique challenges due to the varied bone morphologies. This variation may 
lead to lack of primary stability and/or poor angulation during implant placement.  
The aim of this study was to establish a classification of extraction sockets in maxillary premolar 
sites using cone beam computed tomography (CBCT) measurements of the root morphology as a 
reflection of the remaining osseous housing that would remain after extraction. This 
classification might provide a simplified approach to clinical decision making in the placement 
of an immediate implant. 
Background 
Prevalence of Tooth Loss  
 Partial and complete edentulism has been an important public health issue globally due to 
its high prevalence. Although not fatal, this loss of natural teeth can directly affect nutrition, 
facial appearance, and the ability to eat, speak and socialize. The American College of 
Prosthodontics (ACP) acknowledges that over 35 million Americans have no teeth, and 178 
million in the U.S. are missing at least one tooth. The ACP also has estimated that in the next 15 
years, partial edentulism will increase to more than 200 million individuals. These issues 
primarily affect aging and economically disadvantaged populations (Misch 2008). Edentulism is 




Evolution of Dental Implants   
 In the 20th century preventive dentistry was introduced and as oral education efforts 
increased, more individuals realized that teeth could be retained and saved. Ironically, as the 
lifespan of the population increased, tooth loss also increased in the elder population. 
Historically, diverse cultures have used different modalities to treat, maintain and restore teeth. 
Apparent implant placement in Central America dates back to the Mayan civilization in the 7th 
century AD, and was constructed of sea shells and placed in the mandible (Garg 2010). Since the 
beginning of the 20th century, dental professionals have experimented with the insertion of 
various metals into the alveolar bone to allow for permanent tooth replacement. Experiments 
using vitallium orthopedic screw fixtures in dogs and human subjects for the replacement of 
teeth dates back to the 1930’s. 
  During World War II, Dr. Norman Goldberg noticed numerous people were unable to 
tolerate conventional dentures. After seeing certain metals being used to replace and repair other 
body parts, he was committed to applying this concept to restore dentition in edentulous patients. 
Together with Dr. Aaron Gershkoff, the first successful subperiosteal implant was performed in 
1948. After assembling material for nine years, they published the first textbook on implant 
dentistry in 1957. Varying implant designs and materials have been proposed over the years, 
including those by Lehman et al using spiral cylindrical devices that allowed for blood flow and 
bone growth. Dr. Leonard Linkow, devised a modification of a vented blade, transformed into a 
hollow spiral screw form, and named it the “vent-plant”, a self-tapping root form implant. In the 
1960’s, Dr. Brånemark, a Swedish orthopedic surgeon and researcher, recognized a finding that 
would change the world of implant dentistry forever. Dr. Brånemark and his team were studying 




into the femur of rabbits. When they attempted removing the device, they found that the metal 
had fused onto the bone and could not be removed without attached fragments of bone. This 
observation evolved and the term “osseointegration” was introduced, a state in which bone 
integrates with the titanium implant without soft tissue intervention (Meffert 1986). By 1982, the 
Food and Drug Administration approved the use of titanium dental implants and in 1983, 
Nobelpharma, USA Inc. was established and began manufacturing the Brånemark System. 
Dental implants have been widely accepted as a modality for replacing missing teeth, offering 
benefits that include improved biting function, increased patient comfort, improved lifestyle and 
nutrition (Baker 2012). 
 
 
Surgical Guidelines for Dental Implant Placement 
 Dr. Brånemark developed and tested a two stage, threaded cylinder, titanium implant 
system using Grade 2 solid titanium screws which he termed fixtures. They were the first well-
documented, successful endosseous implants, some of which have remained in place for 40 years 
(Brånemark 1983). In the early development of Brånemark’s surgical implant placement 
protocols, a healing period of 6 months after tooth extraction was recommended prior to placing 
the dental implant (Brånemark et al, 1969). Implants were placed using a delayed, or two-stage 
protocol, in which a subsequent healing period of 3 months in the mandible and 6 months in the 
maxilla was indicated (Adell et al, 1981). The healing period was considered necessary to allow 
for osseointegration and establish a load-bearing interface. The traditional protocol was referred 
to as “conventional function” and it has been documented to yield successful and predictable 




International Team for Implantology (ITI) in Switzerland presented a single piece implant fixture 
to extend through the soft tissues during the initial healing period (Buser 1991). Today this is an 
acceptable approach and can be achieved with most current systems by placing a healing 
abutment immediately after implant placement and allowing adequate time for healing prior to 
loading. Subsequent research has led to the introduction of immediate implant placement, a 
surgical approach where the implant is installed at the time of tooth extraction. The advantages to 
immediate implant placement include reduced number of surgical interventions, shortened 
overall treatment time, and possibly an improved aesthetic outcome due to a reduced risk of scar 
formation in the anterior zone (Watzek et al 1995).  
In 1989 Dr. Richard Lazzara suggested that immediate implants would allow better 
“maintenance of alveolar architecture, the use of longer implants and shortened treatment times” 
(Lazzara 1989). Dr. Gomez-Roman in 1997 also reported a 98.85% five-year success rate with 
83 immediate implants using a tapered implant system. In 1999 Polizzi reported in a prospective 
study in human subjects, a cumulative implant survival rate of 92.4% in the maxilla and 94.7% 
in the mandible after 5 years of loading in 264 immediate implant sites. According to a meta-
analysis by Chen and colleagues, short-term survival rates and clinical outcomes of both 
immediate and delayed implants with at least a one year follow up had comparable clinical 
results in terms of stability, peri-implant health, prosthesis stability and esthetic outcomes when 
compared to implants placed in healed alveolar ridges (Chen 2004). Immediate placement of 
dental implants following extraction of nonrestorable teeth has become an acceptable approach. 
Some added benefits of immediate implant placement include reduced surgical intervention, 
decreased rehabilitation time, allows early soft tissue contouring for an optimal emergence 




 The first step in immediate implant placement after appropriate case selection is the 
extraction. Every attempt should be made to minimize any trauma or increased pressure on the 
alveolus while extracting the tooth. Specialized instruments such as mini surgical blade or a 
peristome could contribute to maintaining the alveolar housing as pristine as possible. The 
presence of any wall defect post-extraction may compromise the bony support necessary for 
predictable immediate implant osseointegration (Bhola et al 2008). The extraction technique 
should focus on minimizing the amount of bone removal to preserve the native alveolar bone, 
especially the buccal and interradicular bone which are necessary to achieve greater implant 
stability (Ferus 2010).   
 After extraction, a careful inspection of the extraction socket, the walls, and remaining 
interradicular proceed in order to confirm the possibility of placing an immediate implant with 
enough osseous anchorage and torque. The socket geometry should allow for the osteotomy to be 
prepared to the desired depth with at least 3-5 mm of intimate implant-to-bone contact. Strategic 
anchorage within the alveolar socket may involve the palatal and interradicular bone, the apical 
bone, and the socket walls. Care must be taken to avoid the osteotomy from deviating into the 
buccal aspect of the socket, as this could lead to biologic, esthetic and restorative problems 
(Bhola et al 2008). Evans and Chen (2008) reported that implants placed in a buccal position 
exhibited three times more recession than implants with a lingual position. 
 The immediate implant should be stable within the osteotomy with no mobility. Kohal et 
al have demonstrated that too much pressure of the implant on the bony walls of the alveolus can 
result in microfractures and early crestal bone loss. Primary stability, often referred to as 
mechanical stability, is defined as the biometric stability immediately following the insertion of 




(Al-Sabbah et al 2019). Primary stability has been widely referenced in the literature as a 
requirement for the success of dental implants. This mechanical stability gradually decreases 
during the first three weeks of healing due to bone remodeling. As new bone apposition around 
the implant begins, secondary stability is established, and is the direct result of the 
osseointegration corresponding to both mechanical and biologic features (Raghavendra et al 
2005). Although lack of primary stability does not have a clear definition in the literature, it has 
been suggested that micromotion between implant and surrounding bone must not exceed a 
threshold value of 150 μm for a successful implant healing (Szmukler-Moncler 1998). Any 
micro-movement can induce stress and strain that may hinder the recruitment of new cells and 
have a negative impact on osseointegration and bone remodeling leading to formation of fibrous 
tissues (Brunski 1993).  
Clinically, insertional torque (IT) is widely used to assess primary stability and is measured at 
the time of implant placement. Ottoni and colleagues investigated the relationship between IT 
and implant survival in single implants. The recommendation of this study to achieve 
osseointegration was a minimum IT value of 20 Ncm and an optimal torque of 32 Ncm. A high 
IT value is an indication of good primary stability; however, maximum insertion torque can be 
deceiving as direct pressure of the implant on dense cortical bone without adequate bone to 
implant contact at the rest of the implant surface can produce high IT (Ottoni et al. 2005). 
Resonance frequency analysis (RFA), is a noninvasive diagnostic method to measure both 
primary and secondary implant stability (Meredith 1998). It uses a transducer that is inserted into 
the implant or abutment containing a vibrating element and a receptor. The vibrating element 
applies a sinusoidal wave or an impact force wave and the receptor measures the resonance 




device that uses implant stability quotient (ISQ) as a measurement unit and ranges from 0-100, 
with the higher value referring to a more stable implant (Atsumi 2007). Rodrigo and colleagues 
collected ISQ values from 542 implants at time of insertion and showed significant association 
between the degree of implant stability and RFA values at time of implant placement. Nedir and 
colleagues also concluded that RFA is a reliable method to determine implant stability at the 
time of placement with a subsequent successful osseointegration if ISQ is greater than or equal to 
47.  
 Another important variable for consideration affecting buccal bone loss is the flap design. 
A study by Fickl et al. (2008), using beagle dogs, demonstrated that leaving the periosteum in 
place decreases the resorption rate of the extraction socket by 0.7mm on the buccal aspect of the 
extraction site. Caneva et al. (2010) reported a difference in buccal bone resorption of 0.2mm 
when adding a flap for immediate implant placement in dogs but these results were not 
statistically significant. Most authors state that the flapless approach is more desirable in esthetic 
areas to minimize trauma and soft tissue scarring. Raes et al. (2011), compared immediate and 
delayed single implants in the maxillary anterior. At 1 year, immediate vs. delayed showed a 
mean mid-facial recession of (-0.12 vs. -1.00 mm). Advanced mid-facial recession exceeding 1 
mm was found in 7% of immediately installed implants and 43% of delayed implants. Immediate 
implants installed with a flapless approach showed significantly less mid-facial recession when 
compared with a flap procedure at 1 year (mean difference 0.89 mm). The claim that a flapless 
approach reduces patient discomfort and post-operative swelling continues to be significant 
(Campelo & Camara 2002; Becker et al. 2006; Covani et al. 2008). 
 When immediate implants are placed, the peri-implant voids are frequently present due to 




(Botticelli et al. 2004). Healing of this peri-implant defect involves bone apposition and bone 
resorption. Bone healing in an implant osteotomy proceeds apical to coronal, much like that of 
an extraction socket; therefore, the coronal aspect becomes the most critical in the healing 
process. (Amler et al 1960). Many studies have suggested that immediate implant placement 
with a bone-to-implant gap at the crestal aspect of 2mm or less would prevent the remodeling 
process and hence maintain the alveolar ridge shape. A clinical study by Botticelli and 
colleagues has failed to support such a hypothesis. After a 4 month healing period, the outer 
surface of the buccal and lingual bony walls was markedly reduced, with a mean reduction of 
56% and 30% on the buccal and lingual aspects, respectively (Botticelli et al. 2004). Araújo and 
colleagues (2005) subsequently demonstrated in a dog study that vertical bone loss of the buccal 
bone wall was on average 2.6 mm after a 12-week healing period. Additionally, in another study 
by Araújo and colleagues (2011) histologic and histometric analysis at the premolar and molar 
sites in beagle dogs confirmed that immediate implant placement alone fails to preserve the hard 
tissue dimensions of the ridge. These tissue alterations resulted in >2mm apical resorption from 
the buccal bone crest to marginal border of sandblasted and acid-etched (SLA) surface after 3 
months of healing in premolar sites. The position of the implant in relation to the bone wall is an 
additional consideration when planning immediate implants because this influences the decision 
to graft and the type of grafting substitute used. In a study by Boticcelli (2003), implants were 
placed in dogs with a wide marginal defect remaining of 1-1.25 mm and newly formed bone was 
observed around the implants 4 months after placement. They concluded that a marginal defect 
wider than 1mm may heal by deposition of new bone around an implant. The quality of the new 
bone that formed had a higher amount of woven bone (19-22%), however, there is evidence that 




Additionally, Botticelli also measured the amount of new bone formation when using a barrier 
membrane to protect the defects. A similar amount of new bone formation was observed in both 
barrier membrane and non-barrier membrane defects. In a study by Covani et al. (2003), a 
‘jumping distance’ that measured over 1.5mm healed by connective tissue apposition, rather than 
by direct bone-to-implant contact. This suggests grafting material may be effective in achieving 
improved osseointegration at a jumping distance >1.5mm. Current research favors the use of an 
occlusive  barrier membrane to protect the healing socket and bone graft in the presence of a 
circumferential defect greater than 1.5 mm (Schwartz-Arad et al 1997).  
 The preservation of bone volume and 
soft-tissue is considered of utmost 
importance for achieving a highly esthetic 
result (Capelli at al. 2013). In order to 
further understand the complexity of the 
implant surgery and possible 
complications, classifications systems for 
hard and soft tissues have been well 
established in the literature. Since 90% of patients show either the maxillary first and second 
premolar when smiling a thorough examination is necessary for excellent esthetic and functional 
results (Zachrisson 2002). To more accurately predict the peri-implant esthetic outcome before 
removing a nonrestorable tooth, Kois & Kan 2004 described five diagnostic keys. According to 
Kois (2001b), the predictability of the peri-implant esthetic outcome may ultimately be 
determined by the patient's own presenting anatomy rather than the clinician's ability to manage 
state-of-the-art procedures. He proposed five diagnostic keys for predictable single tooth peri-




implant esthetics. These keys include: 1) relative tooth position, 2) periodontal form, 3) 
periodontal biotype, 4) tooth shape, and 5) osseous crest position. Any of these five keys can be 
combined or altered independently. Tooth position is evaluated based on its relative position to 
the remaining dentition in three planes 
of space because the existing tooth 
position will influence the presenting 
configuration of the gingival 
architecture. Form is divided into flat, 
scalloped, and pronounced scallop 
according to Kois (1994). Periodontal 
phenotype, formerly known as biotype, 
is typically considered thick or thin. 
Tooth shape can be square, ovoid, or 
triangular. Position of the osseous crest 
will help predict future gingival levels after implant therapy. 
 Low risk cases have adequate hard and soft tissue present for immediate placement. 
There are many factors, however, that can turn a low risk case into a high risk case, such as 
heavy smoking, medically unstable patients and anatomical risk factors. According to Buser 
(2000), the anatomical structures to be examined in a single tooth extraction site in the esthetic 
zone are presented in Table 2. Most of the considerations encompass the concept of an intact 
osseous housing in order to obtain the ideal 1 mm of bone thickness around the implant at 
immediate placement. This is a crucial reason why minimally traumatic extractions with minimal 
bony socket expansion is key to the long term success of an immediate implant.     




A study by Braut et al. (2011) analyzed the facial bone wall thickness at various tooth positions 
in the anterior maxilla. In central incisor sites, only 4.6% had a thick wall phenotype (> 1 mm), 
whereas thick wall phenotype was present in 27.5% at the first premolar sites, with the remaining 
72.5% being a thin wall phenotype. One cannot consider the presence of underlying osseous 
support without also acknowledging the position of the root under the alveolar housing. Because 
the maxillary and mandibular teeth are positioned in a way to accommodate a physiologic bite in 
nonorthodontic patients, the axes of the crown and the teeth must be considered when evaluating 
a candidate for an immediate implant. In a retrospective study Hourfar (2016) measured the 
angle of tooth and crown axes of 167 patients using CBCT imaging. Measurement of crown axes 
revealed lingual inclination with maximum values for maxillary premolars at an average of -
8.57°. The angle measurement found for root axis had a buccal inclination at an average of 3.1°. 
The palatal root in these cases has an advantageous torque that allows us to obtain an 
approximated straight line axis to the palatal apex from the central fossa. With these parameters 
in mind, immediate implant surrounded by sufficient bone for primary stability and placement 
within the restoratively desired position is much more predictable.  
 The presence or absence of interradicular bone, the slope of the axial walls, root 
curvature, the residual bone volume, and the presence of vital structures such as nerves and sinus 
proximity all pose a challenge to the precise and minimally traumatic placement of an immediate 
implant in a desirable prosthetic position. Several classification systems have been proposed to 
evaluate the bony morphology for immediate implant placement. Most of these classifications 
assume the presence of an intact bony socket after extraction. Other considerations prior to 
immediate implant placement include minimal to no periodontal bone loss prior to tooth 




implant ratio are well documented criteria describing an ideal immediate implant site (Kan et al. 
2011).   
 Smith et al. (2013) have described a way to categorize fresh extraction sockets for 
immediate implant placement in molars. Type A is a socket that has enough interradicular bone 
to fully contain an implant in bone. Type B has interradicular bone that does not completely 
contain the implant but stabilization is achieved, and Type C describes a socket that will not 
stabilize nor fully contain an implant inside the interradicular bone. In the case of maxillary 
premolar teeth, the interradicular bone alone is rarely sufficient to completely encase an implant 
without the use of the alveolar walls and additional grafting techniques.  
 Kan et al. (2011) described a classification for osseous housing in anterior teeth using 
CBCT measurements. Using the sagittal root position (SRP), class 1 was described as the root 
positioned against labial cortical plate. Class 2 had a centered implant engaged in the apical 
portion of the osseous housing. Class 3 described a palatal engagement and class 4 engaged both 
buccal and palatally on at least 2/3 of the tooth. Kan stated that 81% of anterior teeth 
demonstrated a class I SRP which led to his conclusion that most anterior teeth are favorable for 
immediate implant placement. 
 Fugazzotto et al. (2015), described a technique for immediate implant placement in fresh 
extraction sockets on premolars with interradicular bone. He proposed that the narrow 
interradicular bone presents a challenge when performing implant osteotomy leading to implant 
placement in an non-ideal position. His technique removes interradicular bone with rongeur 
forceps and prepares the osteotomy in the remaining apical portion of the osseous housing. The 
interradicular bone is then ground and inserted in the residual socket surrounding the implant 




diameter implant was preferred in these cases to engage as much of the osseous housing as 
possible.  
 Due to the maxillary premolar site presenting with unique challenges, a classification 
system has been proposed below based on the radiographic presentation of premolar roots as an 
indirect way of evaluating the osseous housing via CBCT datasets using Invivo imaging 
software.  
Materials & Methods  
  
Study design  
 Fifty four CBCT images (Galileos and Classic ICAT, Imaging Sciences International) 
were selected for patients who received treatment at Boston University Henry M. Goldman 
School of Dental Medicine (BUGSDM). A total of 208 maxillary premolars were evaluated and 
classified for their root morphology, dentoalveolar housing positioning in relation to their crown 
axis and buccal and lingual bone width using Invivo CBCT software. Premolar socket shapes 
were categorized using the arch form selector tool centered through the middle of the arch in the 
axial plane using the long axis of the tooth. Socket shape was classified as Type 1, 2, or 3 at 3 
mm below CEJ which is where the crestal portion of the osseous ridge is typically encountered in 
healthy periodontum (Gargiulo 1961). In order to evaluate buccal-lingual arch position for each 
subject, premolars were classified as buccal, center or palatal in relation to the alveolar housing 
depending on the width of the buccal bone compared to the palatal bone. Buccal: <1mm of 
buccal bone, Centered: buccal and palatal bone walls had similar width, and Palatal: greater 
thickness of buccal bone compared to palatal bone. In order to explore palatal placement of an 




long axis of the palatal root was measured for all Type 1 (bifurcated) maxillary first premolars. 
Descriptive statistics were used to report the frequency (number and percentage) of each 
classification. The distribution statistics of each premolar according to tooth position was also 
recorded.  
 
Sources of data 
 CBCT records taken for diagnostic purposes were reviewed by a radiology technician for 
quality. The dataset was selected based on inclusion and exclusion criteria. Selection criteria 
included dentulous patients ages 15-85 that presented to BUGSDM for treatment and had high 
quality Galileos and ICAT CBCT imaging taken (some subjects were missing a few teeth).  
Exclusions included edentulous subjects, or subjects with CBCT imaging with excessive 
scattering or artifact that interrupted any reading to the 0.05 mm mark. Each record was coded 
with a case number and converted into Invivo format. The application used to analyze the scan 
was InVivoDental-Intel 6.0.2 from Anatomage. Collected data was logged into Numbers version 










roots can serve in providing additional stability and retention necessary for immediate implant 
placement.  
 Type 2 maxillary premolar sockets present in premolars that have 2 fused roots and a 
mesial developmental groove (DG) beginning approximately at 3mm below the CEJ. This DG 
creates a unilateral depression in the socket when viewed in the axial plane on a CBCT. 
Immediate implant placement in this socket may gain stability from the apical bone, and 
additionally from the mesiodistal osseous constriction present due to the developmental groove 
created by the fused roots. Type 3 premolar sockets are characterized by the presence of a single 
blunted root that is elongated buccal-lingually. These single rooted premolars do not typically 
have a DG, however, they may have a distinctive mesiodistal constriction that gives rise to the 
oval shape socket viewed in the axial plane 3mm below the CEJ via CBCT.  
In Type 3 sockets, the primary stability may be provided by the apical bone and/or apical third 
tapering of the socket, where the alveolar socket is most constricted. Regenerative therapy and a 
two stage approach may be preferred in these cases if implant stability is compromised by 
insufficient alveolar bone in the apical region. A common encounter is the proximity of the 
maxillary sinus that could impede appropriate engagement of the apical bone thus compromising 










    
 
 
Figure 3. Chart demonstrating distribution in percentages of alveolar housing position (buccal, centered 
or palatal) for all maxillary premolars. The most common position in the alveolar housing for maxillary 











immediate implant to consciously engage more palatal bone to avoid buccal bone dehiscence 
(Lee 2016).  
 The internal angle formed between the long axis of the crown and long axis of the palatal 
root was measured for all Type 1 maxillary first premolars. The long axis of the crown was 
chosen as a reference to the ideal prosthetic access that should be achieved through the central 
fossa of the future implant crown, in this case, led by the existing crown of the hopeless tooth 
assuming occlusal relationship will remain the same after restoration of implant (Gowd 2017). 
Point A and B in Figure 2 were chosen at the buccal and lingual CEJ from the coronal view. Line 
C was drawn at the long axis of the central fossa intersecting at 90 degrees between the buccal 
lingual CEJ points. Line C depicts the long axis of the crown and direction of the occlusal table. 
Point D was chosen at the apex of the palatal root and a line was drawn at the long axis of the 
palatal root between point D and C. The internal angle, E, formed between the long axis of the 
crown and the long axis of the palatal root was measured and recorded to be at 11.46 ± 4.35°. 
The maximum palatal root angulation for Type I root form maxillary first premolars was 20.7° 
and the minimum palatal root angulation was 4°. The height of the interradicular bone, depicted 
in yellow on figure 2, was measured from the most coronal bone peak of the septal bone to the 
horizontal line drawn connecting the apex of both roots and averaged to be at 6.9 ± 1.6 mm. The 
maximum height for septal bone at Type I root form maxillary first premolars was 9.61mm from 
the most coronal bone peak to the apex of both roots. The minimum height for septal bone at 
Type I root form maxillary first premolars was 3.28 mm from the most coronal bone peak to the 
apex of both roots. The average, standard deviation, maximum values and minimum values for 
palatal root angulation and height of septal bone are shown in table 5 for a total of 40 maxillary 





premolar being extracted as well as no external root resorption for simplified clinical application. 
The clinical significance of Type I-III premolar classification of alveolar sockets directly 
translates to the availability of residual bone and feasibility of an immediate implant being 
placed at time of extraction. Type I sockets were present in 49% of maxillary first premolars, 
with Type 2 socket in 43% of maxillary first premolars. Both Type I and Type II sockets have an 
alveolar configuration that is amenable to immediate implant placement as the presence of 
interradicular bone in Type 1 sockets and alveolar bone walls in Type 2 sockets is likely to 
contribute to primary stability. It is less likely to see a maxillary first premolar with a Type 3 
socket configuration. In Type 3 socket types, implant stability is obtained by the apical bone, 
provided there are no anatomical limitations, such as the inferior border of the maxillary sinus. In 
this study, it was more likely that maxillary second premolars presented with Type 3 socket 
configuration, present 48% of the time, or a Type 2 socket configuration present at 36% of the 
time. This study shows that it is more likely to have a limited availability of alveolar bone for 
immediate implant placement at the maxillary second premolar position. Treatment guidelines 
proposed in the ITI Consensus Conference state that an immediate implant should be placed in 
such a way as to maintain a gap of at least 2mm between the implant and the internal surface of 
the facial bone wall in order to provide sufficient space to graft the space between the implant 
surface and the buccal wall (Morton 2014). It is plausible that an immediate implant in a Type 3 
premolar socket may require additional bone graft particles within the osteotomy, which may 
help create a wedging effect of the implant, thus minimizing micromovement during healing, and 
possibly increase insertion torque (Al-Sabbah et al 2019).  
 As shown in Table 5, the average height of interradicular bone for Type 1 sockets as 




This measurement shows that when a Type 1 socket is present, the interradicular bone present 
can contribute to primary stability in ways that other socket types cannot. Additionally, the 
palatal root in Type 1 maxillary premolars was angled at an average of 11° from the long axis of 
the crown. The angulation of the palatal root found in Type 1 maxillary first premolar sites could 
allow for a stable immediate implant at an appropriate prosthetic position if placed in the center 
of the interradicular bone. Anatomical, occlusal and biomechanical considerations are required in 
order to have a successful, long lasting restoration. Klineberg et al demonstrated that stress 
distribution with vertical loading at the central fossa and narrow occlusal table size decreased the 
load concentration around the coronal peri-implant bone where bone loss is the most common in 
clinical situations. The angulation and location of the implant should be guided by the axial 
occlusal forces and the location of the central fossa in order to have satisfactory stress 
distribution along the implant. If palatal placement of the implant creates a buccal cantilever on 
the maxillary premolar crown, significant prosthetic and maintenance complications could 
present and therefore, a delayed approach is suggested in the literature (Hattingh 2018). A proper 
diagnosis is a prerequisite for successful treatment planning and recognition of possible 
unfavorable outcomes. In order to achieve optimal outcomes, different combinations of surgical 
protocols have been proposed in the literature. Flap versus flapless, hard and soft tissue grafting, 
and immediate versus early or delayed implant placement are proposed and well documented in 
the literature. If the correct clinical approach is planned, predictable outcomes are achievable 







 Maxillary premolars present a clinical challenge for immediate implant placement 
because of their variability in root morphology, anatomical landmarks and the availability of 
alveolar bone. A treatment plan to decide if immediate implant is feasible should be developed 
after the root anatomy is well studied in order to obtain the best possible outcome. The type I 
root form had the highest incidence at maxillary first premolars sites and has the most alveolar 
bone available, and thus a high probability for immediate implant primary stability. The type III 
root form is the most common in the maxillary second premolar site and has the least measured 
amount of alveolar support for immediate implant placement. The angulation and alveolar bone 
support that the palatal root in Type I root form maxillary first premolar sites provide could 
possibly allow for a stable immediate implant at an appropriate prosthetic position. Furthermore, 
the proposed classification system may provide a better understanding of the morphology to 
assist in clinical decision making and planning of immediate implants, as well as improved 
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